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Abstract
Slow slip event (SSE) detected by the GPS network (GEONET) of the Geographical Survey
Institute has been observed in the southern coastal area of the central Japan, the Tokai area, since
,**+. Although appreciable changes corresponding to SSE have not yet been observed by the
borehole strainmeters of the Japan Meteorological Agency in the area, we evaluated space and time
variations of the strain caused by SSE before detecting them with the strainmeters. Use of strain
has merits for evaluating a localized event. That is, i) strain does not reﬂect a common displacement
observed in a wide area, irrespective of reference station, ii) strain is comparable directly with the
outputs of borehole strainmeters, extensometers, etc. and iii) the elastic strain caused by a source
diminishes rapidly compared to a displacement, for example, in inverse proportion to the cube of
distance from it, which means ease in estimating the source location.
According to the analysis, we could clearly detect strain changes associating with SSE.
Expansion appeared in and around Hamanako-lake of the central Tokai area, and at the same time
contraction appeared around Omaezaki and Atsumi in the eastern and western parts of the area,
respectively. The peak of expansion is now moving eastward and steadily growing, and the
contraction is gathering in intensity. The maximum principal contraction rates increased +./ times
after the commencement of SSE. The total scalar moment estimated from the distribution of
dilatation in January ,**- becomes +.-x+*+3 [Nm] and the moment magnitude becomes 0.1, approxi-
mately. A high concentration of changes in Coulomb fracture stress is seen in the eastern Tokai
area.
Key words : displacement, strain, slow slip event, Tokai area
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Fig. +. Explanation of slow slip event (SSE) in Tokai area, the southern coastal region of the central Japan. The ﬁgure
was copied and arranged from the homepage by courtesy of the Geographical Survey Institute of Japan. A)
Distribution of non-steady horizontal displacements. The most remarkable changes are concentrated in Tokai area.
B) Temporal changes in horizontal and vertical components in GPS coordinates observed at KAKEGAWA station in
the middle of the Tokai area. The SSE in Tokai area seems to start in late ,*** or early ,**+. Note the changes seen
in summer ,***, which were caused by swarm activity around Miyake and Kozu islands.
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Fig. ,. Location of GPS (small circles) and Strainmeter (squares) stations. Triangles indicate trilateration nets of GPS
for calculating horizontal principal strains. ATSUMI, HAMANAKO, and OMAEZAKI are symbolic names
representing regions near Atsumi Peninsula, Hamanako-lake, and Omaezaki-spit, respectively.
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Fig. - a. Spatial distribution of dilatation calculated from changes in GPS displacements from October ,*** to January
,**-. Secular trends of the dilatation during the period were subtracted using data in the period from +332 to +333.
Dashed curves show neutral values. Expansion centered in the east of HAMANAKO is remarkable. The peak value
reaches *.0ppm. Simultaneous contraction in ATSUMI and OMAEZAKI should be noted.
Fig. -b. Spatial distribution of horizontal principal strain axes calculated from changes in GPS displacement from
October ,*** to January ,**-. Secular trends of the strain in the period were subtracted using data during the period
from +332 to +333. The scale indicates *./ppm per year of strain rate. Compression indicated by black arrows is
remarkable around Omaezaki and Atsumi regions. Extension indicated by light gray arrows is clearly seen around
Hamanako region.
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Fig. .. Proﬁles of horizontal distribution of (A) dilatation and (B) absolute horizontal displacement, in the four periods
originated from October ,***. Secular trends of dilatation and absolute horizontal displacement were subtracted
using the data in the period from +332 to +333. Temporal change in peak values of dilatation is shown in (C). The
objective area is shown in the map shown below indicated by a rectangle. The symbols with di#erent shading show
the di#erent intervals : white until April ,**+, light gray until October ,**+, dark gray until April ,**,, and black
until October ,**,, respectively, from October ,***. The proﬁles of dilatation become profound with time, while
those of displacement keep a monotonous mountain shape, but the peak height grows with time. So expansion and
contraction intensify simultaneously with an increase of the peak height of the displacement.
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Fig. /. Temporal changes of the horizontal principal strains denoted by e-max and e-min and dilatation denoted by
e-d, converted from GPS data, at ATSUMI, HAMANAKO, and OMAEZAKI. Large arrows with SSE mean the
commencement of SSE in the Tokai area. Small arrows indicate the changes associated with the swarm activity
around Miyake and Kozu islands in the summer of ,***. Here, the data include secular trends before the
commencement of SSE. Linear trends shown by dotted lines suggest that the secular strain rate is largest in
OMAEZAKI, where a recent acceleration of horizontal maximum strain is also noticeable.
GPS¹:º 6»89:8;<=
&l{E>
¼ 261¼
	
 

	
	
 
 !
"!#$
%&'(#)*+,
%-.%
/0	1
	2345"6789:;#  +-
<=>?@2A
B>@2%
23CDEF"G8HIJ K 0
a6789:;L%	23% !M 	23%
N# Ozawa et al. O,**,P % *.,Q" #$%#
*.+Q" @CR% !# $%S&C !

S 	+'TS	(U

VS W)X*+%,-(
YZ[8\]Z^_.`a5
b%S
%
/c" d0"e"%#K .b1f ,*** +*
g,**- +g%h%23i	 %%
j3i#k,

0, 	

K 0b
4,"6789:;%l3mno9
p%,4f
2%M
 5q#L6 Or8stu6789P 74f"l
8 %K,V l-%,9:vw
#x, +. cm;.< y=z%no9p#{{|
}>7'lM ~L%#3m
IJ Ozawa et al. O,**,P %?0
l
@%	, 9:vw%l-%,4'
%A1BDS4,
 "
4,
"l%'# jCS6789%DS[
o6 OlEP %' OFG'P OSagiya,
+333P "''{ lEd

ZH


L%
6%h%I23i"
 &h%
l
BT8Z9-
" #JK%	23{c
8
Z9%s8-%LMBT8Z9" K 1
a#&h
4,"I28Z96
9"b%	
 hND,

,#$,
h3D
"
!	
 KhOfJPU
'
Q!,
 %I28Z94 ¡8
¢3£69"%K 1b	
 ,**, 0
g ,**- +gc#{{Mw 0.1S

 ,# Ozawa et al. O,**,P  ,**, 0g¤¥
Mw 0.1
"b%1RDS4,
 -¦%

S"	23%T§U%b%?0¨
 V"&C©bWª%l4f"«X+
b	
 4U -¬­%3mno9p

(S"%" #J2(S"
%*+
,#®0¯Y


0- CFF	
869:v=z°ZC4f%
±[%²;³±[´µ\]^±[¶C·¤"
#¸0" ¹!L%2%ºI
Fig.0a Distribution of slip sources assumed in the boundary of the Eurasia and the Philippine Sea plates, shown by
contours. Numerals indicate the boundary-depths in km.
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Fig. 0b. Result of inversion obtained using changes in dilatation from October ,*** to January ,**-. Arrows indicate
magnitudes and directions of slip vectors at grid-points. Contour shows value of dilatation calculated by the
estimated slip vectors. The maximum error of the estimated slip vectors is about ,.* cm. The total scalar moment
became +.-x+*+3 [Nm] and the equivalent moment magnitude (Mw), 0.1, approximately.
Fig. 1. a) (left) Estimated total scalar moment and b) (right) equivalent magnitude vs. time. It should be noted that the
moment indicates accumulated values originating from October ,***.
GPS /&¡U¡¢£¤¥=	¦§¨Z[
© 263©
	
  
	 !
"#$%	
&'	
 
() *+ ,m-  -*GPa. 
/01 .0kPa	2 Ozawa et al. ,,**,- 
,/kPa- 	
 340356789:;
<=&>?@8ABCD
	

1  
1+ 
EFG'HIJ.
 F
,Ozawa et al.-  ,KL- MNOPQ0RSP
ETU2V0WPX YZ=G
'D[\]AT
 ^ 
+!F?AT._2`".BC A
^ +!a?AT._2`".
BC +#	; $
b\]['(
 HIcd%.ef
g	&h'.
 ( ,iEj_T
 kFl<")MmTcd)n*+
o.pq	'TI rs"*"),t)N
'u	'
 %^t'v-D
 kl >wxyz{../#	u
	2
 :T F|} , .b- ~=#
01{.% |} , .
a- 23E4
A5{.6E78
E9{2 0
:8A'v(	'ED
 
	;70XtE ._2<
 2

=68AT
.(
 0
ke>l  k:l 70XtBG'9
8A?.) U2V0WPXa
93403567*@A.BC
D 

1, 	
	

GPS¡0¢9£IT¤}a
yr¥D+E( j3
403567a¦§F¨©¥D+[y
z.BCEDª 3403567wx«!
%.¬G[yo­'	BCED
 E 7
8 23® -¯H=" ,***I
°I#aJ±K.

² ,+33*-  L +**I}dHd\]MN
'	³H=78"´Mµ
¶I}a *.,*.- ppm`"'
 :
Fig. 2. Spatial distribution of changes in Coulomb failure function values estimated from the slip vectors obtained by
inversion analysis. Supposed in the planes with the strike in N,*·E, dip +*·, rake 3*·, and depth *km. The Lame
constants (l, m) are assumed to be equal. The values are indicated by strain (in ppm), and can be translated into
stress by multiplying rigidity (e.g.m¸-*GPa). Friction coe$cient is assumed *.-. It is seen that OMAEZAKI is in a
high value region.
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Fig. 3. Power spectra for the data of the Strainmeter and GPS-strain, in arbitrary units. Both data were taken from
the comparatively quiet year of +332 before commencement of the SSE in the Tokai area. For periods shorter than
several tens of days the noise level of Strainmeter is higher than that of GPS-strain, whereas for longer periods it
becomes larger, which means di$culty in detecting slow slip event with Strainmeter.
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